Introduction
Common carp [Cyprinus carpio (C. carpio)] is an economically important fish species cultured mostly in Asia and Europe. Global production of farmed common carp was about 6 .14% (3 172 488 tonnes) of the total world aquaculture production [1] . Artificial insemination can be applied to increase the production to meet this demand due to exploitation of natural stocks. Cryopreservation is a valuable technique to assist in the genetic improvement of cultured stocks as well as providing a continuous supply of good quality sperm for artificial insemination. Successful storage of fish sperm in liquid nitrogen has been reported for more than 200 species [2] , but the protocol varies with species. Extender composition, cryoprotectant concentration, and freezing method are known to affect cryopreservation success [3, 4] . Cryopreservation of common carp sperm using saline extenders and dimethyl sulfoxide (DMSO) or dimethylacetamide (DMA) produced variable results on post-thaw sperm motility and/or fertilization and hatching success [5] [6] [7] . However, evaluation of the various cryopreservation methods is hindered by the different extenders, cryoprotectants and freezing methods that have been used.
In contrast, damaging effects to carp sperm by equilibration with DMSO were observed [8] , and other comparative DMSO studies showed a better suitability of methanol and glycerol and DMA for freezing of carp sperm [9, 10] . The usefulness of the latter cryoprotectants for cryopreservation of fish sperm was first reported for
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Objective: To investigate the effects of various extenders containing different cryoprotectants on post-thaw viability, motility and scanning electron microscopic study of frozen spermatozoa from carp. Methods: After screening a variety of cryoprotectants and extenders, a protocol for the cryopreservation has been achieved using extender and cryoprotectants like dimethylacetamide 5%-20% at appropriate dilution ratio (1:10) . For all experimental tests, the motility and viability percentage of spermatozoa were examined after storage of 5 rainbow trout semen by McNiven et al [11] . Since then, DMA has been applied with varying success in cryopreserving sperm of several fish species (e.g. Oncorhynchus masou formosanus, Perca flavescens, Esox masquiongy, Silurus glanis, Salvelinus alpinus, Clarias gariepinus). The milt dilution ratio has been shown to have a strong effect on post-thaw motility and fertility [12] . For cryopreservation of salmonid semen, the dilution ratio of 1:1 to 1:3 was proved to be the best and it was recommended by Legendre and Billard [13] and Babiak et al [10] . Chilled storage of fish sperm could be achieved by storage in undiluted and diluted form. These approaches are easy to perform without requiring expensive equipment or specific training, and allow prolonging sperm viability for weeks [14, 15] . Storage of undiluted semen at low temperature (0-4 °C ) has been reported to result in decreased fertilization capacity after short time storage in some of cultured species [14, 16] . Chilled storage of sperm has been successfully reported in striped bass Morone saxatilis (Walbaum) [17] , channel catfish Ictalurus punctatus and several species salmonids [18] [19] [20] .
The main purpose of this study was to investigate the effects of various extenders containing different cryoprotectants on post-thaw viability, motility and scanning electron microscopic study of frozen spermatozoa from carp.
Materials and methods

Brood stock selection
Common carp is one of the most important freshwater fish species in aquaculture. They are generally known to spawn once a year during monsoon months. Increased rainfall, low water temperature and adequate nutrition are believed to trigger final gonad maturation. It is rather a cumulative effect of environmental interactions that influence breeding. For the present study, sexually mature males [(100.00±1.73) g of body weight and (12.50±0.33) cm total length] were chosen randomly. Males were examined to determine the sexual maturity by the presence of semen in the genital papilla after a light pressure of the abdomen.
Gamete collection
Sperm was collected by gently hand-stripping. Semen was collected from 5 anesthetized (0.1 g/L MS 222) males by manual abdominal stripping 12 h after a single injection of 2 mg/kg of carp pituitary extract (CPE) at 20-22 °C water temperature. Eggs were collected by hand stripping [10] [11] [12] h after a double injection of 3.5 mg/kg of CPE. The first injection, 10% (0.35 mg/kg) CPE was given 10 h before the second (3.15 mg/kg). For sperm collection, the urogenital papilla's of mature male fishes were carefully dried and sperm was hand-stripped directly into test tubes. Following sperm collection, the tubes containing sperm were placed in a styrofoam box containing crushed ice (4 °C ). Contamination of sperm with water, urine or faeces was carefully avoided. Sperm was transported to the laboratory within 15 min. For collection of eggs from commom carp, females were wiped dry, stripped by gentle abdominal massage and the eggs from each female were collected in a dry metal bowl. Eggs were checked visually and only those lots of homogenous shape, colour and size were used in the fertilization experiments.
Cryopreservation
Common carp sperm were collected from nine males in separate plastic containers for cell culture with sperm:air volume ratios of 1:10 to 1:30 and were stored under aerobic conditions at 4 °C for 2-4 h. Sperm quality was checked for the percentage of sperm motility from video records. Only sperm samples showing more than 40% motility were used for cryopreservation. Sperm were diluted 1:5 (sperm:extender) in a Kurokura-1 (16) 
4 mmol/L NaHCO 3 ) and equilibrated for 40 min at 4 °C . Fifteen percent pure DMA was added and every milliliter of mixture was transferred to a 2 mL cryotube, and then the cryotubes were directly transferred to a preprogrammed Planer Kryo 10 series III at 20 °C and cooled from 20 to -20 °C at a rate of 5 °C /min and then from -20 to -40 °C at a rate of 10 °C /min , held for 5 min at -40 °C , and finally transferred into liquid N 2 . The spermatozoa were thawed in a water bath at 35 °C for 110 seconds.
Scanning electron microscopic studies
Evaluation of the effect of storage time on sperm morphology showed that as semen storage increased, the quality of semen decreased. Freshly collected milt was fixed overnight in 4% glutaraldehyde. The tissues were rinsed in orthophosphoric acid and then washed in different grades of ethanol series (30%, 50%, 70% and 100%). The sample was sputter coated with gold (Denbon sputter coater Derk II) and viewed under a scanning electron microscope and selective fields were magnified to capture the images of spermatozoa at different magnifications [21] .
Statistical analysis
Data obtained from the present study were subjected to standard statistical analysis. All data were expressed as mean±SD. Correlation between motility (%) and viability was assessed by Karl Pearson's method of correlation [22] .
Results
Morphology of spermatozoa
The spermatozoa of common carp consists of rounded head, cylindrical midpiece and an elongated flagellum. Only the head of the spermatozoa is visible under light microscope (20伊). Therefore scanning electron microscopic studies were conducted to analyze the entire structure of spermatozoa. The head, midpiece and tail of spermatozoa were clearly visible under scanning electron microscope (Table 1) . Mean±SD of 3 replicates.
Semen quality
The spermatological properties of the semen collected from the adult male common carp weighing about (100±2) g are shown in Table 2 . Semen volume was rather variable and ranged from 0.1-1.0 mL and mean volume was (0.8±0.2) mL. The density of sperm in fresh sample was 250-400伊10 9 /mL. The pH of freshly collected milt ranged from (7.0±2.0) and the osmolality of the seminal plasma was about 280-320 mOsmol/ kg. 
Selection of extender
The osmolality of four prepared extenders, namely Cortland medium, fish Ringer solution, Hanks balanced salt solution (HBSS) and Mounibs medium, were screened using a cryo-osmometer. The osmolality of HBSS mimicked the osmolality of the seminal plasma, therefore HBSS was analysed to be a suitable extender for cryopreserving carp sperm.
Cryoprotectant toxicity
Toxicity assessment was performed using various cryoprotectants such as DMSO, glycerol, ethane 1,2-diol, propane 1,2-diol and methanol at varying concentrations (10%, 15% and 20%). The viability was calculated using eosin-nigrosin stain based on the dye exclusion principle. Poor survival rates (35%) was recorded for samples preserved using 20% DMSO. Moderate survivability (61.5%, 62.3%, 60.8%) was recorded with glycerol (10% and 20%) and DMSO 15%. Maximum viability (75.8%) was observed with samples cryopreserved using 10% DMSO. Cryoprotectants that yielded low survivability were excluded and the low molecular weight cryoprotectants showing moderate and maximum survivability i.e., DMSO and glycerol were used for further cryopreservation studies under liquid nitrogen (Figure 1 ). 
Cryopreservation
The cryoprotectants DMSO and glycerol which yielded maximum survivability were used for cryopreserving the semen samples. The conventional method of freezing was adapted for preservation. The post thaw survivability was determined using eosin-nigrosin staining and the survivability was expressed as the percentage of unstained sperm. The effect of cryoprotectants (DMSO and glycerol) on the post-thaw motility and viability was analysed. The samples preserved with DMSO 10% yielded maximum post thaw motility and viability.
Post thaw motility
The percentage of motility of spermatozoa was used as a parameter to appraise its viability. Thus from the results obtained, samples cryopreserved in DMSO 10% showed higher motility (78.00±1.18) compared to glycerol 10% (30.00±1.03). Hence DMSO 10% was assessed as the best cryoprotectant for carp spermatozoa.
Post thaw viability
Viability of common carp sperm varied in different percentages of DMSO and glycerol. DMSO 10% showed maximum viability (75.8%) compared to control and other cryoprotectants. A significant correlation was observed between motility and viability.
Ultrastructure of spermatozoa
The spermatozoa morphology as revealed by scanning electron microscopic is shown in Figure 2 . The spermatozoa of carp is uniflagellate having a circular head and a cylindrical midpiece. The stored milt showed clumping and irregularity in head morphology when compared to fresh milt as shown in Figure 2. A KV 伊3.000 KV 伊3.000 5KV 伊3.000 (H) and long flagella (F) and no clumping of spermatozoa in DMSO (10%).
Discussion
The present study describes an attempt to cryopreserve the semen of C. carpio for a short period of time. Shortterm storage of semen at 4 °C is mostly applied to overcome asynchrony in maturation and difficulties in gamete transportation. In commercial fish production, the evaluation of semen quality is of interest to increase the efficiency of artificial fertilization [23] . In C. carpio, the mean semen volume was similar to the results reported by Akcay et al. [24] but different from those of Bozkurt and Secer [25] . The difference may be due to differences in feeding conditions and regime, environmental factors or spawning time.
The osmolality of seminal plasma was used as a controlling point to develop extenders for semen of many fish species and reversibly suppresses the spermatozoa activation. Osmolality of any extenders used for artificial propagation of fish seminal plasma is generally adjusted by the use of Na + and K + levels. Sperm quiescence in undiluted semen occurs roughly in the range of 270-300 mOsmol/kg. The seminal plasma osmolality in the European eel has been reported to be in the range of 325-330 mOsmol/kg and extenders with this range of values helped in reversibly suppressing the motility of spermatozoa [26] . The sperm count of fishes varies widely with different species. The highest sperm count was estimated in bluefin tuna, Thunnus thynnus at 50-60 000 million per milliliter [27] . In carp, the average sperm count is 250-400 million per milliliter [28] . Similar results of (360.00±9.24)伊10 9 /mL were obtained in the present study, for the milt samples obtained from the experimental animal C. carpio.
In the present study, the mean spermatozoa motility was analyzed to be (78.00±1.16) in 10% DMSO when compared to control (100%) and higher than the motility (%) observed in glycerol 10% (30.00±1.03), which was similar to the findings of Bozkurt and Secer [25] but differed from those of Akcay et al [24] . Results regarding post-activation motility and duration of movement are also supported by the studies of Jayaprakas and Lal [29] . Both properties decreased with time but the proportion of motile cells decreased faster in fresh semen samples than in activated ones. Similar results were reported by Lahnsteiner et al. [30] , Lubzens et al. [31] and Bozkurt et al [25] . Various activating media have been used to induce sperm motility and evaluate sperm quality. Most commonly used media are distilled water, 0.3% NaCl and 1% NaHCO 3 [32] . Generally the motility rate of frozen-thawed spermatozoa is very high in marine fish species compared to fresh water species as proved by Lahnsteiner et al [30] .
Selecting a suitable extender is a key factor in successful cryopreservation of fish semen. In this work, four extenders (Cortland medium, fish Ringer solution, HBSS and Mounibs medium) which had been used in cryopreserving semen of fresh water fish were tested for cryopreservation of C. carpio sperms. Cortland and HBSS gave best post-thaw motility followed by Ringer and Mounibs natural medium, when 15% DMSO was used as cryoprotectant in the cryopreservation of red seabream as reported by Liu et al [22] . Mounibs modified medium and Mounibs medium have been used successfully by other researchers in cryopreservation of sperm of some marine fish species, such as Atlantic cod [33] , turbot [34] and sea bass [35] .
The cryoprotectants tested for the present study were DMSO, glycerol, ethane diol, propane diol, ethanol and methanol which have been widely used in cryopreservation of fish semen and embryos [36] . In cryopreservation of mirror carp semen and of Brazilian fish species, Akcay et al. [24] found that semen frozen with DMSO had the highest post thaw motility (55%). Freezing with 15% DMSO resulted in 69% fertilization against a fresh sperm control of 83%. In most of the studies, DMSO at concentrations 5%-15% was the most effective [32] . DMSO has the characteristic of small molecular weight and a high rate to permeate into the cells of various fish species including Atlantic croaker [37] , Yellowfin seabrem [38] , and rainbow trout [39] . DMSO and glycerol are the most commonly used cryoprotectants for cryopreservation of marine fish sperm [40] . In most studies, DMSO provides the best results, probably due to its fast penetration into spermatozoa and its interaction with the phospholipids of the sperm membrane [40] . However, DMSO is toxic at high concentrations, the motility duration of frozen-thawed barramundi (Lates calcarifer) spermatozoa was reduced when the DMSO concentration was higher than 5% and also in the black grouper, the sperm motility was decreased at a concentration of 30% [41] . Glycerol can be less efficient, possibly due to its toxic effects, osmotic stress and reduced speed to penetrate into the spermatozoa [14] . In addition, the efficiency of glycerol for sperm cryopreservation may be species specific [40] . Glycerol as a suitable cryoprotectant for whitefish, a salmonid, eventhough glycerol has been reported to be toxic to salmon and trout spermatozoa [19] . They further explained that this exception was connected with differences in seminal plasma composition in different fish, because the concentration of glycerol in the seminal plasma of whitefish is 22 times higher than in rainbow trout. Scanning electron microscopic observations of common carp spermatozoa stored at 4 °C for 5 d showed altered morphological variations compared to freshly collected milt. The scanning electron micrograph clearly showed distorted head morphology and clumping [21] .
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Comments
Background
Cryopreservation plays an important role in the preserving of endangered species. Changing life style in human becomes impotency and causes abnormality in the sperm. Therefore there is a need for cryopreservation of sperm all over the world.
Research frontiers
The present research work depicts toxicity of various cryoprotectants, viability motility and morphology of both control and cryopreserved spermatozoa of fish.
Related reports
T o x i c i t y s t u d y w a s c o n d u c t e d a n d t h e w o r s t cryoprotectant was removed and the best cryoprotectants used for the cryopreservation studies
Innovations and breakthroughs
Cryopreservation is one of the most emerging field in biotechnology for which the fish protocol is equal to humans. In the present study, authors have demonstrated the toxicity study of various cryoprotectants, viability, motility and scanning electron micrographs of selected cryoprotectants.
Applications
From the literature survey, it has been found that it is very important to humans those who are working in software field. This scientific study supports and suggests the use of this fish is same commonly for humans.
Peer review
This is a valuable research work in which authors have demonstrated toxicity study, viability, motility and morphology. The experiment was conducted both control and cryopreserved sperm.
